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Abstract
Low rural electrification rate is a major problem, and continue posing huge challenges especially in 
remote areas. It was found that Farafenni town is present in a region with the high solar radiation values 
(4.5–7 kWh/m²/day) in all year round, making it a suitable town for PV power plant investments. 1 MW 
PV power plant was studied to evaluate the feasibility between crystalline Si (c-Si) and thin film (CdTe) 
modules by varying the feed in tariffs (FIT). The present FIT of 0.24 US$/kWh showed that CdTe 
modules present not only higher NPV (2,053,869 US$), IRR (7%), BCR (1.60), but also shorter PBP 
(9.48 years) values than those values of the c-Si modules with NPV (1,189,576 US$), IRR (4%), BCR 
(1.30) and longer PBP (11.68 years). Based on technical and economic assessments of the c-Si and CdTe 
PV power plants, the CdTe PV power plant presented the reasonable technology for rural electrification 
in The Gambia.
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Research 
Center in Energy and Environment, Thaksin University.
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1. Introduction
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Saharan Africa, where is mainly covered by large forests and grasslands with a low humidity period of 5-
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6 months per year. In The Gambia, the energy resources mainly comprise of fuelwood (biomass), 
petroleum products, electricity, and liquefied petroleum gas (LPG). However, the most uses were biomass 
and petroleum products in 2008. In addition, Gambian people still use electricity, LPG and renewable 
energy less than their energy demand [1]. The fuelwood from the forest has consistently demonstrated 
one of the most important energy sources in The Gambia and also is the main energy source of 
households. The fuelwood sources from the forest have continually been under enormous pressure 
occurring from several factors such as rapidly growing population, bushfires (80%), land clearing for 
human settlements and for agricultural pursuits, overgrazing, and as the source of fuelwood for a swelling 
population. The combined effect of these phenomena is an unprecedented rate of deforestation and the 
precipitation of accelerated desertification [2]. It seems that the apparent the wood consumption has 
exceeded the natural growth rates of tree, hence the demand is outgrowing the supply. The situation will 
be more acute as alternative fuel become less competitive due to rising prices compared to wood fuels [3]. 
Currently, the fossil fuel prices are continued increasing and erratic power supplies in The Gambia, which 
have become more urgent to attempt for finding the reliable and sustainable sources of energy. The 
Gambia government is now encouraging the renewable energy forms, including the solar PV systems, 
wind energy, biomass and other renewable energy systems and technologies. Fortunately, the country is 
located in the sunshine zone that can be converted to solar energy for the domestic use and commercial 
purposes all a year [4]. Although, the large PV power plants have not been installed in The Gambia, but 
there are a lot of small scale grid connected PV systems, standalone PV systems and solar home systems 
that spread around the country such as in schools, hospitals, farms, gardens and many domestic homes. 
Nowadays, the pilot project of wind turbine has already been installed with a power capacity of 1 MW at 
the coast areas. The Gambian government has established The Gambia Renewable Energy Center 
(GREC) which conducts the research and development in most aspects of renewable energy, and attempts 
to collaborate with the interested companies, individuals, development organizations and research entities 
for the development of renewable energy. Moreover, the sufficient providing of the sustainable electricity 
to the rural areas of The Gambia will help to reduce the rural-urban migration and improve the living 
standards of the rural people. Although, some areas are far from the electrical grid but the electricity is 
still much required for them.
Therefore, this paper is focused on the survey of locations based on high solar insolation, low 
electrification rate, large population, and high rural-urban migration rate. The technical and economic 
viability assessment of the 1 MW PV power plants using crystalline Si (c-Si) and thin film CdTe (CdTe) 
modules was evaluated and discussed based on the assumptions of technical and economic parameters.
2. Methodology
In the present study, the methodology was divided into 2 major parts as follows: The first part is the 
data analysis of the location evaluation and the identification of the suitable PV module, and the second 
part is the analysis of the economic viability of PV power plants in The Gambia. However, this paper is 
mainly focused on the technical evaluation aspect on the survey of locations, the type of PV module for 
the PV power plant. In the location assessment, the evaluation part was determined on the surveying of 
location, which based on the criteria of high solar insolation, the lowest electrification rate, the large 
populations, and the high migration rate from the rural to the urban areas. The solar PV module type and 
module orientation are introduced for the large-scale PV power plant in the new markets. In addition, the 
following characteristics are the key points of a successful PV power plant project: proven durability, 
good track record, low to moderate investment, moderate to high specific energy yield, good availability 
of modules, maturity of modules and no restriction on module-inverter interconnection. 
In the economic viability aspect, the net present value (NPV), internal rate of return (IRR), benefit cost 
ratio (BCR), and payback period (PBP) methods are evaluated in this paper.
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Net Present Value (NPV) presents the difference between the present values of the net cash inflow in 
the future and the initial investment to determine the profitability of the investment or project, which can 
be expressed as
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where Bn = expected benefit at the end of the year n, Cn = expected cost at the end of year n, i = discount 
rate, n = project duration in years, N = project period, PVB = present value benefit, and PVC = present 
value cost. The NPV of the investment indicates an acceptance criterion for the investment which 
generated the benefits greater than the total costs. It is known that the NPV value should be a positive 
number as much as possible [5].
Internal rate of return (IRR) is calculated by the subtraction of the total present value benefit from total 
present value cost. If the IRR is greater than the discount rate, the PV project is considered as the 
acceptable and viable project. The IRR is defined in equation (2) where i = IRR [6].
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Benefit cost ratio (BCR) is the ratio of the total present value benefit over the total present value cost 
as given by equation (3), the BCR value greater than one indicates the profitable PV project [6].
PVC
PVB
BCR  (3)
Payback period (PBP) is significantly indicated by the payback period of the project as shown in the 
equation 4. If the PBP presents a high value (long payback periods), the project will not acceptable in 
terms of economics. In contrast, the shorter PBP shows a better investment. It is well known that the 
criterion of PBP value for the availability is higher than the profitability of the PV project [5].
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3. Results and Discussions
3.1. Data Analysis
Most of households in the rural Gambia have no access the modern energy services. The electrification 
rate of the Greater Banjul Area (GBA) and other provinces averages below 30% (except for only the 
Banjul area where the rate stands at 70%). According to a recent survey, household energy survey is 64% 
of the urban users and 11% of rural users by connecting to the grid system. Only the 6 provincial towns 
(Mansakonko, Farafenni, Kerewan, Janjanburegh, Bansang and Basse) outside the GBA have been 
electrified by a series of diesel-fired isolated systems with a total installed capacity of 1 MW 
approximately, which can be only provided 12-15 hours a day for the total customers of 2,600 peoples in 
the rural areas [7]. Although, some areas are so remote but electricity supply is much necessary provided 
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for them. Fig. 1 shows the population of the major provincial towns, indicating the largest population in 
Farafenni town. This is because the Farafenni has a relatively large area, compared with the other rural 
towns. However, the population in Farafenni rapidly increased during the period from 1983 to 1993, and 
then immediately dropped from 1993 to 2003. That significantly indicates the largest rural-urban 
migration.
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Fig. 1. Major provinical towns population data in 1983-2003.
Fig. 2 exhibits the electricity power production values in 2010 of each provincial town (6 provinces), 
Basse and Farafenni towns showed the higher electricity generation capacity than that of other towns in 
every month in accordance with the highest populations of these towns (Fig. 1). However, the electricity 
supply for these towns is insufficient to provide the consumer which is due to the rural-urban migration in 
The Gambia. Farafenni town had the highest rural-urban migration.
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Fig. 2. The electricity power productions of 6 provincial power stations in 2010.
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Due to the increasing fuel prices, the alternative energy sources, such as solar PV systems, wind 
energy, biomass and other renewable energy approaches, are being sought. The Gambia has the 
substantial solar energy potential of 4.5–7 kWh/m²/day [10]. Therefore, solar energy is one of the most 
promising renewable energy sources for the country. Farafenni town has relatively higher solar insolation 
values than other towns in The Gambia, especially during the period of March to October as shown in 
Fig. 3. Comparing to the average solar insolation between The Gambia and Farafenni town, it was found 
that Farafenni has the solar insolation of 5.9 kWh/m2/day higher than that of The Gambia [10]. The 
monthly weather and solar insolation slightly fluctuated during the year. The temperature in The Gambia
generally increases from the coast toward the west. The exception to this is in the rainy season, July-
August-September, because the cooling influence of cloud and rainfall that cause the similar 
temperatures. During the summer season, April-May-June, the hottest (inland) regions like Farafenni have 
DYHUDJHWHPSHUDWXUHVRIXSWRÛ&ZKLOHWKHFRROHUFRDVWDOUHJLRQVDUHWRÛ&,QWKe cooler season, 
(October-November-December and January-February-March) the average temperature can lower than 
Û&DWWKHFRDVWDQGFDQULVHXSWRÛ&LQWKHZHVW7KHWHPSHUDWXUHFKDQJHRYHUWKH\HDULQWKLVUHJLRQ
of the Western Africa is caused by the ElNiño Southern Oscillation (ENSO) [11]. Consequently, 
Farafenni town is the suitable area to promote PV technology and was selected as a case study of the 
technical and economic viability assessments in this research. The PV power plants is introduced to
provide an alternative source of energy for Farafenni, which will help to reduce the rural-urban migration 
and improve the standard of living for the rural people in the communities of The Gambia.
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Fig. 3. Solar insolation data for provincial towns and average in The Gambia, collected data from Ref. 11.
Farafenni town is located in the grassland area with a few trees, therefore the PV power plants will not 
significantly affected by their shading. Land is available for the future developments, especially for PV 
power plants. The land price in the rural areas is very cheap, compared to the urban areas. Farafenni has 
very good soil conditions which can withstand the erosion and the draining is very fast after the raining, 
which has no the problem of waterlogging. Groundwater resources are stored in the aquifer systems 
beneath the country [15]. Water is available in the nearby river. This river will never run dry all year. The 
river is very clean and less pollution, compared with another one near the urban areas. With less 
pollution, it can be used for cleaning the PV power plants with enough water supplies in a year round. 
The electricity grid system is also very close to the selected site for the PV power plant. The location site 
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for the PV power plant in Farafenni is a large reserved area that can be used for the building of PV power 
plants, as shown in Fig. 4. 
Fig. 4. Location site of PV power plant in Farafenri town.
The selected site has the total area of 10 km2 and 100 m away from the river, which has enough water 
for a year round. The site is also very close to the main road (just about 70 meters) thus it is easy to 
access. The electricity grid is about 300 m away from the selected site of the PV power plant. The fix 
mounted PV modules have a south-facing surface with an inclination of 13o-14o, according to the latitude 
and longitude of Farafenni town. Key factors of location site of the PV power plant in Farafenni town 
were summarized in Table 1.
Table 1. Summary of key factors of the location site.
Factors Requirement
Mean annual global horizontal irradiance (GHI) > 1800 kWh/m²/year (Average | 5.9 kWh/m2/day)
Wind speed >  3 m/s
Tilt angle 13-14o
Latitude +13.57 (13°34'12"N)
Longitude -15.61 (15°36'36"W)
Grid Availability 300 meters
Water availability | 100 m away from the river
Road proximity | 70 m away from the N-Bank road and nearly the N4 road
Climate Tropical climate
It is well known that The Gambia is located in the tropical climate zone, indicating the high ambient 
temperature in the area. In the solar PV module type and module orientation aspect, the most suitable PV 
module and the suitable module orientation are considered by the introduction of large scale PV 
technology in the new markets. The following characteristics are the key points of a successful PV power 
plant project, i.e., proven durability, good track record, low to moderate investment, moderate to high 
specific energy yield, good availability of modules, maturity of modules and no restriction on module-
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inverter interconnection [1], including performance and energy yield of PV power plants in high-
temperature condition. The advantages and disadvantages of each PV modules have been reported in Ref. 
1. The previous research, performance characterization and the comparison of energy yield of the c-Si and 
CdTe technologies have been studied in the high-temperature conditions [13, 14]. So, this paper selected 
the c-Si and CdTe modules as a case study in the comparison of technical feasibility and economic 
evaluation. The comparison of technical parameters and specifications using the different PV modules (c-
Si and CdTe modules) is shown in Table 2. The c-Si modules presented a less module area and total land 
area than CdTe modules. The selection of PV module orientation is mostly based on land requirement, 
location, PV module and system cost parameters. The tracking systems (single and dual axis) normally 
require a larger area per megawatt (MW) than fix mounted PV orientations. The small or congested areas 
might be less suitable for the tracking systems. The fix mounted PV module orientation is more 
commonly used in the PV power plant, due to its affordable installation, less complicated operation and 
maintenance (O&M) and lower O&M cost, compared with the single axis and dual axis module 
orientations. 
Table 2. Comparison of technical and economic parameters of 1 MW PV power plant using different PV modules.
Parameters Specifications
Module type/name c-Si modules CdTe modules 
Number of modules 4,546 12,528
Module area 5,000-8,000 m2 9,020-11,000 m2
Total land area 2.4 ha 3.2 ha
Mounting orientation Fix mounted module Fix mounted module
Operating hours & days per year 8 hrs./day or 365 days/year 8 hrs./day or 365 days/year
Module efficiency 12-14% [15] 8-10% [15]
Temperature Coefficient (TCE) of Power loss -(0.45-0.50)%/oC [14,15] -0.25%/oC [14,15]
Performance Ratio (PR) 74% [15] 79% [15]
Annual yield 1,593,590 kWh/year 1,701,265 kWh/year
Investment system 3,070,000 US$ [16] 2,640,000US$ [16]
Discount rate 6% 6%
Project lifetime 25 years 25 years
The comparisons of technical parameters of 1 MW PV power plant using the different PV module 
were summarized in Table 2. The PV power plants were designed to operate at 8 hrs/day and 365 
days/year. The module efficiency of c-Si (12-14%) is higher than the CdTe modules (8-10%). The TCE 
of c-Si and CdTe modules are -0.45 to -0.50%/oC and -0.25%/oC, respectively. This result presents the 
TCE of CdTe modules about half the incremental power loss compared with the c-Si modules. According 
to the PR of these PV modules, the PR of CdTe modules is higher than c-Si modules. In a typical region 
of high solar irradiation or tropical climate zone, the module temperature often reaches to 65oC or higher 
at the maximum operating condition that causes the power output of the c-Si is reduced up to 20%, while 
the power output of CdTe module is reduced by 10% approximately. Therefore, the CdTe module is more 
suitable operation than the c-Si at above 25oC [13]. According to the results of performance ratio, the 
annual yield evaluation of the CdTe PV power plant was higher than that of the c-Si PV power plant.
However, both types of PV modules were suitable to be the first choice for arid and sub-Saharan Africa 
region. 
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3.2. Economic Analysis
In the parameters evaluation for economic analysis, the currency in all the economic calculations is in 
the US$. The project financing considerations for the normal case of the PV power plants are higher than 
25 years. The equity structure is set at 50% and the interest rate is fixed at 6%. The income tax and VAT 
that have been waived for the renewable energy products entering The Gambia. The costs of electricity, 
O&M and environmental benefits (CO2 emission) are fixed at the constant value in every year. The 1 
MW PV power plants were determined for Farafenni town, according to the population size and energy 
demand. The economic parameters and specifications were summarized in Table 2. The project lifetime 
of PV power plants and the discount rate of both technologies are equal to 25 years and 6%, respectively.
The cost of the investment system of CdTe modules is less than the c-Si modules because of the improved 
technology. Moreover, the rate of the investment system/kW of the c-Si modules (|3,070 US$/kW) is 
also higher than CdTe modules (|2,640 US$/kW) [16].
Table 3. Results of economic comparison and sensitivity analysis of 1 MW PV power plant using different PV modules
Economic parameters
c-Si module CdTe module
FIT=0.12 FIT=0.24 FIT=0.34 FIT=0.12 FIT=0.24 FIT=0.34
NPV -1,254,995 1,189,576 3,226,719 -555,876 2,053,869 4,228,657
IRR (%) -4% 4% 9% -2% 7% 13%
BCR 0.68 1.30 1.82 0.84 1.60 2.24
PBP (Year) 22.40 11.68 8.35 18.18 9.48 6.78
*Currency unit = US$ and 6% discount rate.
Table 3 shows the economic comparison and sensitivity analysis of three different FIT values as 
follows: low FIT (0.12 US$/kWh), present FIT (0.24 US$/kWh) [17] and high FIT (0.34 US$/kWh) for 
the PV power plant using the c-Si and CdTe modules. It is well known that a high FIT is a significant 
index for the investors to determine the viability of PV power plants in The Gambia. NPV, IRR, BCR and 
PBP values of c-Si and CdTe modules increased with increasing FIT values. Currently, The Gambia
government considers the FIT of 0.24 US$/kWh for using the PV module. The Present FIT of 0.24 
US$/kWh showed that the CdTe modules present not only the higher NPV (2,053,869 US$), IRR (7%), 
BCR (1.60), but also lower PBP (9.48 years) values than those values of c-Si modules with the NPV 
(1,189,576 US$), IRR (4%), BCR (1.30) and higher PBP (11.68 years) values. In addition, only the IRR 
value of CdTe modules was higher than the discount rate (6%) at the present FIT. However, both c-Si and 
CdTe module presented the BCR values greater than 1 in the both cases of present FIT and high FIT. So, 
the CdTe modules are highly profitable for the PV power plants in the hotter area zone like The Gambia,
especially in Farafenni town. However, the c-Si module relatively presents the low profit on the average 
The Gambia conditions by considering the IRR value. The sensitivity analysis of FIT revealed that the 
investor achieves higher benefits with increasing the FIT value. The use of the present FIT of 0.24 was 
considered to be a profitable but if The Gambia government desires to promote or interested the potential 
PV power plants for the investment, then they should consider the FIT of 0.34 US$/kWh or provide some 
subsidy mechanism that can be reduced the PBP and given the lower discount rate.
The benefit and cost analysis of 1 MW PV power plants per 25 years are summarized in Table 4, 
comparing between the c-Si and CdTe modules with FIT of 0.24 US$/kWh. The environmental benefit 
was evaluated using 14.82 US$/ton CO2 [19] with a reduction rate of CO2 emission of 0.7357 kg 
CO2/kWh [20]. The economic evaluation presented that the CdTe module power plant has lower costs 
and gives higher benefits than those of the c-Si module power plant. The main benefit of the PV power 
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plant was generated electricity cost (95.7%) and a byproduct as the reduced CO2 emission (4.3%). The 
CdTe modules presented more electricity cost than the crystalline PV modules of about 646,050 US$. The 
CdTe modules not only showed the higher generated electricity cost and more reduced CO2 emission, but 
also presented the higher net total benefit at 6% discount rate than the c-Si of about 345,356 US$. In 
descending order, the costs of 1 MW PV power plants were followed as investment system, O&M, land 
and transport & labor cost. The O&M cost was calculated at 2% of the total investment cost, and kept 
constant for each year. The CdTe modules exhibited the lower O&M and investment cost, but showed the 
higher land and transport costs than the c-Si modules. The total cost at 6% discount rate for the CdTe 
module of the 1MW power plant is lower than that of the c-Si module about 518,937 US$. By the results 
of economic analysis of the present FIT, the 1 MW CdTe module PV power plant indicated more 
economically viable than the 1 MW c-Si module power plant. However, the economic viability 
assessment of c-Si module also presented the profitable PV power plant in the rural area of The Gambia
for the investor that unconcern the IRR value. Moreover, the levelized cost of electricity (LCOE) for the 
solar PV in Africa is around 0.18-0.40 US$/kWh [21], indicating that if the present FIT at 0.24 US$/kWh 
is used, and then PV power plants will still present the profitable project.
Table 4. Benefit and cost analysis per 25 years of 1 MW PV power plants using different PV modules with FIT of 0.24 US$/kWh
Parameters c-Si modules CdTe modules
Benefits
- Electricity cost 9,561,540 10,207,590
- CO2 emission 434,415 463,767
- Total benefit 9,995,955 10,671,357
- Total benefit at 6% discount rate 5,111,274 5,456,630
Costs
- Land 40,000 53,333
- Investment cost 3,070,000 2,640,000
- O&M 1,535,000 1,320,000
- Transport and labor 26,800 34,467
- Total cost 4,671,800 4,047,800
- Total cost at 6% discount rate 3,921,698 3,402,761
     *(Currency unit = US$)
4. Conclusions
In the present study, Farafenni town was selected to encourage the PV technology because there 
present relatively higher solar insolation values (4.5–7 kWh/m²/day) than other towns in The Gambia.
Also, Farafenni has the highest rural urban migration in The Gambia. This is due to the lack of sufficient 
electricity supply. The fix mounted module orientation for PV module is considered based on the 
installation affordability. The fix mounted PV modules are installed in the south-facing surface with an 
inclination of 13o-14o, according to the latitude and longitude of Farafenni town. The c-Si and CdTe 
modules were selected for the tropical climate (high temperature condition). The location site for the PV 
power plant was determined as 1 MW for Farafenni towns because of high population size and energy 
demand. The economic viability assessment for the 1 MW power plant showed that the CdTe modules PV 
power plant presented higher profits than that of c-Si modules at every FIT. The CdTe module PV power 
plant was significantly indicated as a profitable project for the rural electrification in The Gambia at the 
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present FIT (0.24 US$/kWh). However, the changing of PV module price, discount rate and subsidy 
scheme will also play an important role for the project economic aspect.
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